Plant diversification mitigates colonization by herbivorous insects in agricultural systems. Tomato and sweet corn generate raw material, for industrial processing, with outstanding production in Goiás state, Brazil. Yet, little is known about the potential of sweet corn as a companion plant for sucking insects, and natural enemies, in tomato plants. We collected pests and natural enemies in tomato (pre-flowering stage) plants under three treatments: isolated tomato plants (T1), tomato plants with sweet corn in the border (T2), and tomato plants with polyculture (garlic, lettuce, and squash) in the border (T3). The insects were collected by yellow sticky traps. Dalbulus maidis (29.52%), Frankliniella schultzei (23.90%), F. occidentalis (18.72%) and Myzus persicae (15.20%) corresponded to 87.34% of the total insects collected. Tomato plants cultivated with sweet corn on the border had lower infestation of the thrips, F. schultzei as well as the aphid M. persicae. The number of D. maidis and F. occidentalis adults did not change according to the treatments. Diabrotica speciosa and Astylus variegatus were more collected in tomato plants with adjacent sweet corn. Predators and parasitoids represented only 6.62% of the total abundance. Cycloneda sanguinea and parasitoids were more collected in tomato plants with polyculture (T3). Tomato with sweet corn or polyculture favored the abundance of the predator Sphaerophoria scripta. Considerations around the control of insect pests and the sustenance of natural enemies in tomato plants, with sweet corn acting as a companion plant, in the pre-flowering stage of that Solanaceae, are demonstrated.
Introduction
Production of tomatoes for processing sauces, extracts, juices and other by-products has a striking spot in Goiás state, Brazil (Carvalho & Pagliuca, 2007) . This increase was boosted in the last decades due to the installation of agroindustries that benefit this raw material. Nevertheless, the average Brazilian yield (90 ton ha -1 ) (IBGE, 2015) is still a lot more depressed than that obtained in other countries, as in USA (e.g. California state: 200 ton ha -1 ). The infestation of insects and tropical diseases, besides privation of technologies to manage crops, are genuine obstacles to industrial tomato production in Brazil. This scenario justifies high tomato rates of imports by processing industries to satisfy the growing demand (Silva et al., 2003) .
The promise of buying and selling with agroindustries is an alternative for farmers seeking economic advantages, in order to remedy limitations in achieving high yield levels. The use of central pivot irrigation-type, a well-defined agricultural calendar and the constant demand for raw materials encourage a more diversified agricultural exploration. Therefore, three to four different harvests per annual agricultural calendar may occur, involving different agricultural plant species. A classic example is the cultivation (in different time windows) of tomato and sweet corn, both for industrial processing. More improved versions of this system include the cultivation, in the same time window, of tomato and sweet corn. With this, the farmer is able to stabilize the supply of raw material to the agroindustry, which becomes an economically important practice.
Tomato and sweet corn production in the same area favor the physical and chemical attributes of the cultivated soil (Njuguna et al., 2015) . But, the efficiency of sweet corn to serve as a companion plant against herbivorous insects attacking tomato is still little investigated. Environmental complexity may indirectly interfere with pest insect colonization through resource dilution, deterrence, allelopathic effects, natural enemies conservation or, directly, with the physical effects of plant architecture (Ratnadass et al., 2011) . Companion plants, intercropping, plant-baiting, and repellent plants are denominations for plant species that play a distinguished role in serving to exclude chewing insects and vectors of viruses (Carvalho & Michereff Filho, 2009; Degree & Somalia, 2014; Rhino et al., 2014) . Some works have guided out the role of Zea mays (Poaceae) as a companion plant in the containment of fruit borers in tomato plants (Degri & Somalia, 2014; Rhino et al., 2014) .
The current production systems come from increasingly integrating sweet corn and industrial tomato plants in the same agricultural landscape. Nevertheless, the benefits (or not) of this arrangement in terms of containment virus-transmitting insects, and beyond other ecological niches (such as natural enemies) are even obscure. Sweet corn having the function as a companion plant to industrial tomato plants, helping to mitigate the incidence of tomato virus vectors, was our tested hypothesis. In addition, the population of natural enemies was also sampled to observe how agricultural landscape can affect this trophic level. The aim of this study was to assess the presence of herbivores and natural enemies in industrial tomato plants (pre-flowering stage), through yellow sticky traps, cultivated under different arrangements of agricultural landscape diversification.
Methods
Three industrial tomatoes (Solanum lycopersicum L, Solanaceae) production areas, located in the southeastern Goiás state, Brazil were selected. Each of the agricultural areas had their own agricultural landscape. In area 1 (Pires do Rio) there were 60 ha of isolated tomato, with no cultivated agricultural plants in the borders. In area 2 (Orizona) a total of 80 ha was divided, half-way, with tomato and sweet corn cultivation. Then sweet corn was considered the border plant in area 2. In area 3 (Urutaí) 10 hectares were cultivated with industrial tomatoes and, in the border, 2 ha of the area were kept with polyculture comprised of garlic, lettuce and squash plants. For convenience, we call the three areas as treatments T1, T2, and T3, respectively. The distances between the treatments were 50 km (T1 to T2), 70 km (T1 to T3) and 30 km (T2 to T3).
Soil preparation in all three treatments was accomplished through mechanized sorting and subsequent acidity correction based on soil analysis. Fertilization of tomato plants was carried out in planting grooves and soon after the opening of the pits at the time of transplanting. Seedlings of Heinz 9553 cultivar (H. J. Heinz Company) were grown from a certified nursery in the municipality of Nerópolis, Goiás state, Brazil. This cultivar has 110 to 120 days of maturation and great adaptability to the regional field conditions. Fruit maturity index equal to 2, degrees Brix of 4.9 to 5.1, resistance to Verticillium race 1, resistance to Fusarium race 1 and race 2, resistance to nematodes and resistance to Stemphyllium spp.
The recommended doses of nitrogen, phosphorus, calcium, magnesium, and potassium, as well as micronutrients (for foundation fertilization and cover) followed specific technical recommendations from Heinz company. The adopted spacing was 0.30 m between plants and between rows simultaneously two spacings were used: 0.60 m and 1.20 m. This spacing is recommended in order to facilitate the mechanical harvesting of mature tomatoes.
Sweet corn used only in T2 was the Tropical Plus ® hybrid (Syngenta Seeds Ltda). Sowing was performed 10 days before transplanting the tomato with a spacing of 80 × 25 cm, with three seeds per 2 cm deep pits. For T3 where there was the presence of polyculture in the border, the garlic (Ito cultivar) was used. Garlic bulbs (from Fazenda Paineiras, Campo Alegre de Goiás, Goiás) were stored for 40 days in a cold room at a temperature between 2 -4 o C and relative humidity of 50 -60%. Garlic planting occurred, manually, soon after the beds were ready. Double lines (30 cm × 10 cm × 10 cm) were used for garlic planting, by a mechanized finisher. The cultivation of the green-leaf lettuce (Brida cultivar) (Hortec Tecnologia de Sementes Ltda) followed spacing of 25 cm × 25 cm. Seedlings transplanted were previously kept for 18 days in a nursery. The squash (Italian type) (Feltrin Sementes) was cultivated by manually direct sowing and kept in the field under spacing of 100 cm × 150 cm. At the time of assembly of the yellow sticky traps in T3, garlic and lettuce had 40 and 25 days of germination, respectively, while the squash, during the flowering phase (about 35 days).
Yellow-colored sticky traps (15 cm high × 10 cm width) recommended for monitoring insect in tomatoes (Yen et al. 2013) were only installed inside the crop with industrial tomato plants. In each of three treatments, four traps were installed with a covered area a part each one of 33 m 2 , totaling an area 132 m 2 with traps, for each treatment. The principle of collecting the yellow sticky traps resides in the fact that yellow-attracted insects are stuck, therefore, inspections of traps provide reliable data on the presence of insect populations (Baideng et al., 2017) . The adhesive traps were installed immediately above the upper third tomato plants. The maintenance of traps in the field for 15 days occurred according to technical recommendation (Promip ® , Limeira, SP, Brasil). In all plots, where the yellow sticky traps were installed, there was no application of insecticides or herbicides until the 15 th day of field trapping. The experiment was carried out during April, 2017.
All captured insects were counted and identified in the laboratory with the help of a magnifying glass (×50). Taxonomic keys, photographic guides and text references and images over the internet were used to separate collected insects into species and ecological niches. Voucher species were deposited at the entomology laboratory of IF Goiano, Urutaí Campus.
A Monte Carlo analysis was processed 10,000 times to assess whether the amount of each insect species collected between treatments could be explained by the chance of capture. Monte Carlo analysis provides simulated (a posteriori) values from the original number of captured insects (Gotelli & Ellison, 2011) . This analysis has been used to test scientific hypotheses (Wallerberger & Gull, 2017) , such as those related to insect populations in different areas (Barbosa et al.2005) . Thus, if the actual number of captured insects (without Monte Carlo simulation processing) is significantly higher, then the simulated data are significantly different (α = 0.05). The null hypothesis of the test was the pattern in the real data is not different from that with the simulated samples, for each species of insect captured, between the different treatments. The test yields an appropriate P value for comparisons between treatments. The differences in the amount of each group of insects collected per treatment were statistically diagnosed through P value obtained. In addition, the means of insects collected by trap, between treatments, were compared with Duncan test at 5% probability level. The abundance values of the species and groups collected were described by percentage. The Monte Carlo analyzes were performed using the software @Risk (@RISK Technologies Inc.) (Pallisade, 2002) adapted for Excel (Microsoft Office package), while the figures were elaborated by SigmaPlot ® version 11 (Systat Software Inc).
Results and Discussion
A total of 2,334 insects was collected during 15 days, with an average of 194.5 insects collected by each yellow sticky trap. The use of adhesive traps is important to access the population of insects in tomato plants. Our number of insects collected was much lower than that reported in other studies (see Baideng et al., 2017) . This may have occurred due to the sampling effort that only concentrated on the tomato pre-flowering stage. The evaluation of companion plants for tomato, such as corn, for longer periods (for example, until tomato fruiting), is important, due to the occurrence of fruit borers, and because these are polyphagous, such as Noctuidae caterpillars (Degri & Samaila, 2014) . However, tomato pre-flowering stage has been referred to as very susceptible to the presence of sucking insect vectors of virus that may entirely compromise tomato development and production (Lima et al., 2016) . This higher phenological susceptibility to insects transmitting viruses justifies the focus on the pre-flowering phase and highlights the importance of the present study.
The corn leafhopper, Dalbulus maidis (Hemiptera: Cicadellidae), was the most abundant insect collected by yellow sticky traps, followed by Frankliniella schultzei and F. occidentalis (Thysanoptera: Thripidae) thrips, and the aphid Myzus persicae (Hemiptera: Aphididae) (Figure 1 ). These four sucking insects corresponded to 87.34% of the total insect abundance. There is no record of D. maidis transmitting virus in tomato plants in Brazil. This suggests that the presence of this insect was due to the own efficiency of the trap. However, corn crops have been infested with pathogens transmitted by D. maidis in Brazil (Oliveira et al., 2007) . Therefore, the role of yellow sticky traps, which follows the Integrated Pest Management philosophy, in corn plantations for monitoring and collecting this insect can be promising and needs to be better explored. Thrips and aphids, on the other hand, are insect vectors of viruses that occur in tomato plants in Brazil (Miranda et al., 1998) and therefore considered as key pests. The present study confirms that sucking insects are the first to colonize tomato in the pre-flowering phase, as also reported by Moura et al. (2014) . This indicates that preventive measures to control these virus transmitters should be recommended, soon after transplanting of tomato seedlings to the field. Our collections pointed to a larger population of herbivorous insects than natural enemies (Figure 1 ). This may have been due to the dispersion of these herbivores (mainly suckers) through flights above industrial tomato plants, which facilitates traps visualization. According to Gencsoylu (2007) , adhesive traps installed at higher levels in relation to cotton plants also yielded higher numbers of Frankliniella spp. thrips. The height of adhesive trapping, compared to the soil surface, interferes capture of vector insects, such as thrips (MacIntyre-Allen et al., 2005) . In addition, the lowest abundance of natural enemies may have been due to the collection period (traps kept in the field up to 60 DAT, days after transplanting). A higher number of natural enemies were observed only starting 80 DAT in organic and conventional tomato systems (Medeiros et al., 2009 ). Studies of insect sampling in diversified agricultural plantations also indicated a greater number of herbivores in proportion to natural enemies, as reported here. However, larger numbers of natural enemies were observed at the border (vegetation border contaminated with weeds, for example) of tomato crops (Morandi et al., 2014) . This reinforces the idea that on a larger scale (for example, beyond the interior of tomato crop where traps were installed) predators and parasitoids may be present more abundant.
A total of 994.25 insects was captured when the tomato was grown with adjacent polyculture (T3) during the experimental period. This value decreased to 569 insects on T2 (tomato with sweet corn) and increased to 771.50 insects on T1 (isolated tomato) (P = 0.02) (Figure 2 ). These results indicate sweet corn was able to retain insects avoiding its colonization in tomato plants. From the perspective of cultural pest control these results are important, since the three main virus transmitters sampled (F. schultzei, F. occidentalis, and M. persicae) had a reduced population in tomato-sweet corn cultivation type (T2). Vol. 10, No. 11; 2018 Figure 2. Number of insects (mean ± SE 1 ) collected by yellow sticky traps in three industrial tomato production areas of southeast Goiás state, Brazil. T1 (isolated tomato plants), T2 (tomato plants with sweet corn in the border) and T3 (tomato plants with polyculture in the border). The representation of the agricultural landscape of the three studied areas was defined, by way of illustration, by colored boxes.
1 Means followed by the same letter in the bars between treatments do not differ at 5% probability level of Duncan test
The average amount of Frankliniella schultzei thrips collected from traps did not differ in areas with isolated tomato (T1) and tomato with polyculture (T3), yielding traps with 239 and 222.25 insects, respectively ( Figure  3A ). In the tomato area with sweet corn (T2), the F. schultzei collected average was much lower, corresponding to 97 individuals per trap (P = 0.01) ( Figure 3A ). For Frankliniella occidentalis thrips the area with tomato and polyculture (T3) represented a larger number of collections (195.25 insects), compared to areas with isolated tomato (129.50 insects) or tomato with sweet corn (113.50) (P = 0.01) ( Figure 3B ). Dalbulus maidis was more collected in the tomato area bordered by polyculture (T3), with a mean of 291.50 insects per trap compared to the area of tomato with sweet corn (T2) (190.50) or isolated tomato (T1) (208.25) (P = 0.006) ( Figure 3C ). Myzus persicae was also more captured in tomato with adjacent polyculture (T3), totaling 186 aphids captured per trap ( Figure 3D ). The cultivation of isolated industrial tomatoes provided the second largest number of aphids collected (128.25) and tomato kept with sweet corn (T2) influenced the capture of a smaller number of aphids (41,50) ( Figure 3D ). Vol. 10, No. 11; 2018 Figure 3. Number of herbivores (Mean ± EP 1 ), by species ( Figures 3A to 3F ), collected by yellow sticky traps in three areas of industrial tomato production of southeast Goiás state, Brazil. T1 (isolated tomato plants), T2
(tomato plants with sweet corn in the border) and T3 (tomato plants with polyculture in the border). The representation of the agricultural landscape of the three studied areas was defined, by way of illustration, by colored boxes.
The polyculture system (tomato + garlic + lettuce + squash) has not been shown to be advantageous in limiting the presence of sucking insects in tomato plants. Lettuce, garlic and squash plants may have served as reservoirs for the two species of thrips found. The dispersion of insects in agricultural systems is strongly related to behavioral traits (Mazzi & Dorn, 2012) . According to Mound (2003) , Thysanoptera individuals may be present in plants that are not necessarily their natural hosts due, for example, to shelter. This reinforces the argument that polyculture may have served as a reservoir. The smaller number of corn leafhoppers in T2 may have been due to T1  T2  T3  T1  T2  T3   T1  T2  T3  T1  T2  T3   T1  T2  T3  T1  T2  T3 jas.ccsenet.org Vol. 10, No. 11; 2018 the presence of this insect in sweet corn plants, its natural host (Oliveira et al., 2007) . Garlic, lettuce, and squash are not hosts of the corn leafhopper. Thus, individuals of D. maidis may have arisen from areas bordering T3, reinforcing their recognized dispersal ability (Meneses et al., 2016) . The green leafhopper (Empoasca spp.) which also transmits virus species to tomato plants (Lourdes et al., 1986) belongs to the same taxonomic family (Cicadellidae) as the corn leafhopper. Thus, the presence of D. maidis in tomato plants should be conveniently investigated to know the real role of this insect, as (or not) possible vector of viruses.
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The capture pattern of the chewing herbivores Diabrotica speciosa and Astylus variegatus was similar, with T3 giving rise to a larger number of individuals collected (for D. speciosa: P = 0.002 and for A. variegatus: P = 0.000) ( Figures 3E and 3F) . However, the mean number of D. speciosa individuals captured (T1: 8.25, T2: 53.75 and T3: 13.50) was much higher than A. variegatus (T1: 2.25, T2: 10, 00 and T3: 1.50) for each treatment ( Figures 3E and 3F) . The largest population of Diabrotica compared to Astylus, in all three treatments, points out that Chrysomelidae is one of the main leaf chewing insects of Solanaceae seedlings. High incidences of D. speciosa have been reported frequently in Goiás state. The ecological and behavioral reasons for this fact should be properly investigated. As both beetles are also pests in sweet corn, the ability of this plant to serve as companion for tomato plants was not equally observed, as in the case of the two thrips and the aphid species.
Cycloneda sanguinea predators, in spite of the low abundance, were more captured in tomato cultivated with polyculture in the border (T3) (P = 0.000) with a mean of 6.25 individuals per trap ( Figure 4A ). Tomato planting with sweet corn (T2) provided the lowest mean number of ladybugs captured in the experiment (0.75) compared to isolated tomato planting (3.50 individuals per trap) ( Figure 4A ). The number of parasitoids per trap, in descending order of collections, was 11.50 (T3), 4.25 (T2) and 4.00 (T1) (P = 0.007) ( Figure 4B ). The predatory fly Sphaerophoria scripta was more collected in areas of industrial tomato surrounded by polyculture (48.25 individuals per trap) and sweet corn (46.75 individuals per trap) compared to the isolated tomato area (32.75) (P = 0.04) ( Figure 4C ). The number of S. scripta predatory flies captured was higher than other natural enemies, and corresponded to 12.6 times the number of ladybugs captured and 6.63 times the number of captured parasitoids. Finally, the number of flies (Muscidae family) did not differ between treatments (P > 0.05) ( Figure  4D ), with a mean of 16.41 flies captured per trap. Some specialist natural enemies (for example, parasitoids) are more sensitive to environmental disturbances, such as system simplification (Gámez-Virués et al., 2015) . Sphaerophoria scripta are predators of immature sucking insects and small caterpillars in agricultural plantations, as in corn (Krawczyk et al., 2011) . This justifies their greater presence only in T2 and T3 compared to T1. 4D ) collected by yellow sticky traps in three industrial tomato production areas of southeast Goiás state, Brazil. T1 (isolated tomato plants), T2 (tomato plants with sweet corn in the border) and T3 (tomato plants with polyculture in the border). The representation of the agricultural landscape of the three studied areas was defined, by way of illustration, by colored boxes. 1 Means followed by the same letter in the bars between treatments do not differ at 5% probability level of Duncan test Sweet corn served as a companion plant to industrial tomato plants, especially for thrips and aphids. This indicates the hypothesis of the present study was accepted. Perhaps sweet corn is somehow hindering host location of these virus vectors insect groups. Agricultural landscape diversification brings with it the advantage of the support capacity of a larger number of individuals. That is, more insects were collected in this type of agricultural system, as observed in T3 (Figure 2) . The high values of insects in T1 should be interpreted with caution, due to the large presence of corn leafhoppers collected leading to a possible biased overestimation. Such implications suggest that the complexity of agricultural landscape increases in quantity the diversity of species in the system. However, interpretations regarding the advantages of this cultural practice cannot be generalized and therefore must consider the importance that each insect sampled plays in the industrial tomato agricultural system.
Conclusions
The environmental complexity built at the present study favored insect diversity in industrial tomato fields. Sucking insects were abundant in the tomato pre-flowering stage. Sweet corn served as a companion plant for tomato, likely in the sense of hampering access of thrips and aphids to this Solanaceae. However, the same behavioral pattern was not observed for chewing beetles, because tomato plants cultivated next to sweet corn were the ones with high incidences. Larger populations of natural enemies were collected in T3, which agrees with theories about maintenance and increase of biodiversity in agricultural systems. Ladybugs and parasitoids were scarcer in the tomato-corn treatment (T2). The predator Sphaerophoria scripta was the only natural enemy T1  T2  T3  T1  T2  T3   T1  T2  T3  T1  T2  T3 without crops tomato sweet corn garlic lettuce squash that was remarkably abundant and favored by environmental diversity, been benefited by the context of sweet corn as a companion plant to industrial tomato plants.
